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ZDVWH WUHDWPHQW DQG UHVSHFWLYH HQHUJ\ DSSOLFDWLRQV 7KH ZDVWHWRHQHUJ\ DSSURDFK LV WKXV QDUURZHG DV WKH
ZDVWHWRELRPHWKDQH:W%FRQFHSW:W%LVXVHGWRGHVFULEHWKHXWLOL]DWLRQRIRUJDQLFZDVWHIRUELRJDVSURGXFWLRQLQ
DQDHURELF GLJHVWLRQ SURFHVV DQG IXUWKHU XSJUDGLQJ RI ELRJDV WR ELRPHWKDQH IRU JULG LQMHFWLRQ RU WUDQVSRUWHQHUJ\
DSSOLFDWLRQV>@
8QGHUWKH:DVWH)UDPHZRUN'LUHFWLYH(&WKH(8KDVSULRULWL]HGZDVWHPLQLPL]DWLRQDQGSUHYHQWLRQRI
ORVVRIYDOXDEOHPDWHULDOV,QOLQHZLWKWKH/DQGILOO'LUHFWLYH(&(80HPEHU6WDWHVDUHREOLJHGWRUHGXFH
WKHDPRXQWRIELRGHJUDGDEOHPXQLFLSDOZDVWHEURXJKWWRODQGILOOWRRIOHYHOVE\E\IRUVRPH
0HPEHUVWDWHV1HYHUWKHOHVVRXWRI(8FRXQWULHVVWLOO ODQGILOORYHURI WKHLUELRGHJUDGDEOHPXQLFLSDO
ZDVWHDQGRIFRXQWULHVHYHQPRUHWKDQ>@7KHVHILJXUHVVKRZDVLJQLILFDQWZDVWHPDQDJHPHQWSUREOHP
7KLVLVSDUWLFXODUO\FRPPRQLQDQXPEHURI(8FRXQWULHVORFDWHGLQWKHVRXWKHDVWDQGHDVWHUQDUHDVRIWKH(8
(QYLURQPHQWDOLPSOLFDWLRQVDUHRQHRIWKHPDMRUGULYLQJIRUFHVIRUSURJUHVVLQZDVWHPDQDJHPHQW>@0RUHRYHU
IURP D ORQJWHUP SHUVSHFWLYH ODUJH DPRXQWV RI ZDVWH ODQGILOOHG SUHVHQWV D JUHDW FKDOOHQJH WR IXWXUH UHVRXUFH
VHFXULW\>@ (QYLURQPHQWDO DQG HQHUJ\ VHFXULW\ LVVXHV ZKLFK ZDVWH PDQDJHPHQW SROLFLHV QHHG WR DGGUHVV DUH
FRPPRQ FKDOOHQJHV IDFHG E\ WKH(8 WUDQVSRUW VHFWRU DVZHOO 7KH DPRXQWV RI JUHHQKRXVH JDV *+* HPLVVLRQV
UHVXOWLQJIURPWKHWUDQVSRUWVHFWRULQWKH(8KDVLQFUHDVHGIURPWKRXVDQG*J&2\HDUHTXLYDOHQWVLQWR
WKRXVDQG*J&2HTXLYDOHQWVLQ>@ZLWKDSHDNLQWKRXVDQG*J&2HTXLYDOHQWV$WWKHVDPHWLPH
WKHWUDQVSRUWVHFWRULVKHDYLO\GHSHQGHQWRQIRVVLOIXHOVLQ(XURSHDURXQGRIWUDQVSRUWIXHOFRQVXPSWLRQLVEDVHG
RQIRVVLOIXHOV>@&RQVHTXHQWO\WKHUHDUHFRPPRQSUREOHPVLQPHHWLQJWKHUHQHZDEOHHQHUJ\WDUJHWLQWKH
WUDQVSRUWVHFWRUVHWE\WKH5HQHZDEOH(QHUJ\'LUHFWLYH(&7KH(XURSHDQ&RPPLVVLRQ¶VHYDOXDWLRQUHSRUW
>@VKRZHGWKDWRXWRI0HPEHU6WDWHVIDLOHGWRDFKLHYHWKHLQGLFDWLYHUHQHZDEOHHQHUJ\WDUJHWLQWKH
WUDQVSRUWVHFWRUVHWIRU
7KHDLPRIWKLVUHVHDUFKLVWRDVVHVVOLQNDJHVDQGWUDGHRIIVEHWZHHQZDVWHPDQDJHPHQWDQGWUDQVSRUWVHFWRUV7KH
GULYLQJ IRUFHV RI DQ LQWHJUDWHG DSSURDFK WR ZDVWH DQG WUDQVSRUW PDQDJHPHQW DUH GHILQHG DV GLIIHUHQW SRWHQWLDO
SRVVLELOLWLHVWRUHGXFHGLUHFW*+*HPLVVLRQV±ERWKIURPZDVWHPDQDJHPHQWDQGWKHUHGXFHGXVHRIIRVVLOIXHOVLQ
WUDQVSRUWWRUHGXFHV\VWHP¶VQHHGIRUH[WHUQDOFRQYHQWLRQDOHQHUJ\UHVRXUFHVE\XWLOL]LQJZDVWHGHULYHGELRPHWKDQH
LQ WUDQVSRUW WRGLYHUWLQJZDVWH IURP ODQGILOOV WR FRQWULEXWH WRQDWLRQDO UHQHZDEOH HQHUJ\ DQGZDVWHPDQDJHPHQW
SROLF\WDUJHWVWRLQFUHDVHSXEOLFDZDUHQHVVDERXWVXVWDLQDELOLW\LVVXHVLQVRFLHW\WRVWUHQJWKHQORFDOHFRQRP\
$XWKRUVDSSOLHGWKHSURSRVHGFRQFHSWRIDQLQWHJUDWHGDSSURDFKWRZDVWHDQGWUDQVSRUWPDQDJHPHQWWRDQXUEDQ
OHYHO&LWLHVDUHLPSRUWDQWDUHDVZKHUHPDMRUUHVRXUFHVDUHORFDWHG$URXQGRI(8FLWL]HQVOLYHLQGHQVHO\
SRSXODWHGDUHDV>@2YHUDOOPRUHWKDQWZRWKLUGVRIWKH(XURSHDQSRSXODWLRQLVORFDWHGLQXUEDQDUHDVDQGWKLVVKDUH
FRQWLQXHVWRJURZ7KHHIIHFWVEURXJKWE\XUEDQL]DWLRQFDOOIRUDUDGLFDOFKDQJHLQXUEDQGHYHORSPHQW>±@7KH
PDLQFKDOOHQJHVDUHDVVRFLDWHGZLWKPLWLJDWLRQRIFOLPDWHFKDQJHUHGXFWLRQRIHQHUJ\FRQVXPSWLRQDQGDLUSROOXWLRQ
>@0F&RUPLFNHWDO>@DUJXHVWKDWLQFUHDVHGXQGHUVWDQGLQJDERXWLVVXHVRQFOLPDWHPLWLJDWLRQDQGDGDSWDWLRQDQG
VXVWDLQDEOHGHYHORSPHQWKDYHQRWHQVXUHGWKHVKLIWWRZDUGVVXVWDLQDEOHUHVLOLHQWDQGORZFDUERQXUEDQGHYHORSPHQW
7KHUHIRUHFRQYLQFLQJVXVWDLQDEOHXUEDQWUDQVIRUPDWLRQSDUDGLJPVDUHLQFUHDVLQJO\LPSRUWDQW$XWKRUVEHOLHYHWKDWDQ
LQWHJUDWHGDSSURDFKWRZDVWHDQGHQHUJ\V\VWHPVFDQEHFRQVLGHUHGRQHRIVXFKSDUDGLJPVSURYLGLQJDKROLVWLFYLHZ
WRHQYLURQPHQWDOHQHUJ\DQGVRFLDOLVVXHV
,QWHJUDWHGDSSURDFKWRWUDQVSRUWDQGZDVWHPDQDJHPHQW
)LJVKRZVWKHFRQFHSWXDOIUDPHZRUNLQDFFRUGDQFHWRWKHVFRSHRIWKLVVWXG\$FFRUGLQJWR5XWWHUDQG.HLUVWHDG
>@XUEDQHQHUJ\V\VWHPVUHSUHVHQW³WKHFRPELQHGSURFHVVHVRIDFTXLULQJDQGXVLQJHQHUJ\´(QHUJ\UHVRXUFHVDQG
PDWHULDOVHQWHUWKHXUEDQV\VWHPZKHUHWKH\DUHFRQVXPHGWRFUHDWHHQHUJ\DQGELRSK\VLFDOVWUXFWXUHVDQGSURGXFH
ZDVWHDQGHPLVVLRQV%\WXUQLQJWKHZDVWHIORZLQWRHQHUJ\UHVRXUFHDQGSXWWLQJEDFNLQWRHQHUJ\V\VWHPWKHUHVRXUFH
HIILFLHQF\SDUDGLJPLVLQWURGXFHGLQWKHXUEDQHQYLURQPHQW

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)LJ,QWHJUDWHGDSSURDFKWRWUDQVSRUWDQGZDVWHPDQDJHPHQWLQDQXUEDQV\VWHP
0RYLQJDZD\IURPODQGILOOLQJE\LQWURGXFLQJDVXVWDLQDEOHZDVWHPDQDJHPHQWV\VWHPLVRQHRIWKHNH\DFWLRQVWR
DFKLHYHWUDQVIRUPDWLRQRIXUEDQLQIUDVWUXFWXUH>@7KLVILQGLQJHFKRHVZLWKQXPHURXVSUHYLRXVO\SXEOLVKHGVWXGLHV
LQZKLFKGLIIHUHQWPXQLFLSDOVROLGZDVWH06:PDQDJHPHQWVWUDWHJLHVKDYHEHHQFRPSDUHGLQXUEDQHQYLURQPHQWV
7DEOHSURYLGHVDVXPPDU\RIWKHVHVWXGLHVVSHFLI\LQJWKHZDVWHPDQDJHPHQWDOWHUQDWLYHVDQDO\]HGLQHDFKRIWKH
VWXGLHVLQGLFDWHGE\DFKHFNPDUN7KHPRVWFRPPRQZDVWHPDQDJHPHQWSUDFWLFHVZKLFKDUHDQDO\]HGLQWKHVHFDVH
VWXGLHVDUHODQGILOOLQJZLWKDQGZLWKRXWHQHUJ\UHFRYHU\PDWHULDOVRUWLQJDQGUHF\FOLQJDQGLQFLQHUDWLRQRUELRORJLF
WUHDWPHQWFRPSRVWLQJDQGRUDQDHURELFIHUPHQWDWLRQ$QDHURELFGLJHVWLRQ$'LVRIWHQVXJJHVWHGDVDQRSWLRQIRU
XUEDQ06:PDQDJHPHQW%HQHILWVRI$'LQFOXGHDKLJKUDWHRIHQHUJ\UHFRYHU\DQGKLJKYDOXHHQGSURGXFWWKDW
FORVHWKHQXWULHQWF\FOH>@&RPSDUHGWRLQFLQHUDWLRQDQDHURELFGLJHVWLRQRIRUJDQLFZDVWHSURYLGHVODUJHU*+*
HPLVVLRQUHGXFWLRQDQGHQHUJ\UHFRYHU\>@&XUU\DQG3LOOD\>@GLVFXVVWKDWDQDHURELFGLJHVWLRQZLWKXUEDQRUJDQLF
ZDVWH LVRQHRI WKHPRVW LPSRUWDQWVROXWLRQV WRVROYH WKH LQFUHDVLQJZDVWHPDQDJHPHQWSUREOHPV0RUHRYHU WKLV
DSSURDFKHQVXUHVUHGXFWLRQRIWKHQHHGVIRUH[WHUQDOHQHUJ\>@
7DEOH3XEOLFDWLRQVRQGLIIHUHQWPXQLFLSDOZDVWHPDQDJHPHQWVWUDWHJLHV
 8UEDQZDVWHPDQDJHPHQWVWUDWHJ\
 3UHYHQWLRQ 6RUWLQJ 5HF\FOLQJ &RPSRVWLQJ $QDHURELFGLJHVWLRQ ,QFLQHUDWLRQ
(QHUJ\
UHFRYHU\ 'LVSRVDO
.DPSDOD8JDQGD>@  9 9 9 9  9 9
-LQJPHQ&KLQD>@  9 9 9  9  9
%HWLP%UD]LOLD>@      9 9 
,VNDQGDU0DOD\VLD>@   9 9  9 9 
%HLMLQJ&KLQD>@    9  9  9
1HZDUN8QLWHG6WDWHV>@ 9 9 9     9
5RPH,WDO\>@  9 9  9 9 9 9
6\GQH\$XVWUDOLD>@  9 9 9 9 9 9 9
7LDQMLQ&KLQD>@  9 9 9 9 9 9 9
$VWXULDV6SDLQ>@  9 9 9 9 9  9
&DVWHOORQGHOD3ODQD6SDLQ>@  9 9 9 9  9 9
0DFDX&KLQD>@  9 9 9  9  9
$QNDUD7XUNH\>@     9  9 

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$VVKRZQE\WKHOLWHUDWXUHUHYLHZSUHYLRXVUHVHDUFKHVKDYHPDLQO\IRFXVHGRQHOHFWULFLW\JHQHUDWLRQSRWHQWLDOIURP
06:DQGELRJDVXVHLQFRPELQHGKHDWDQGSRZHUSURGXFWLRQ2QO\LQ>@ELRJDVJHQHUDWLRQDQGIXUWKHUXSJUDGLQJ
KDVEHHQGLVFXVVHGWRHYDOXDWHLWVHQHUJ\SRWHQWLDO7KHDXWKRUVFRQFOXGHGWKDWELRPHWKDQHSURGXFHGIURPRUJDQLF
ZDVWHJHQHUDWHGLQ5RPHFRXOGVXEVWLWXWHRI5RPH¶VWUDQVSRUWHQHUJ\GHPDQG
7KLV SDSHU DLPV WR GHVFULEH D FRQFHSWXDO PHWKRGRORJ\ IRU DVVHVVLQJ WKH SRWHQWLDO RI ZDVWHWRELRPHWKDQH
LPSOHPHQWDWLRQ LQ D FLW\ 3DUWLFXODU IRFXV LV SDLG WR ELRPHWKDQH DSSOLFDWLRQ LQ WKH WUDQVSRUW VHFWRU 6WXG\LQJ WKH
SRWHQWLDORIDOWHUQDWLYHWUDQVSRUWIXHOVJDLQVDGGLWLRQDOVLJQLILFDQFHVLQFHWKHWUDQVSRUWVHFWRUKDVDQDUURZHUUDQJHRI
RSWLRQVIRUIXHOVXEVWLWXWLRQFRPSDUHGWRHOHFWULFLW\DQGKHDWJHQHUDWLRQ0RUHRYHUXUEDQHQHUJ\V\VWHPVWXGLHVRIWHQ
H[FOXGHWKHWUDQVSRUWVHFWRUIURPWKHHQHUJ\V\VWHPDQDO\VLV>@+RZHYHULQWHJUDWHGWUDQVSRUWDQGODQGXVHSODQQLQJ
LVDYLWDOFRPSRQHQWRIVXVWDLQDEOHXUEDQGHYHORSPHQWEHFDXVHLWSURYLGHVDJRRGLQGLFDWLRQRIXUEDQVXVWDLQDELOLW\
>@7KLVUHVHDUFKWKXVFRQWULEXWHVWRVWXGLHVLQWKHILHOGRIUHQHZDEOHWUDQVSRUWHQHUJ\DSSOLFDWLRQVIURPDQHQHUJ\
V\VWHPSHUVSHFWLYH7KLV VWXG\GLIIHUV IURPSUHYLRXV/&$EDVHGVWXGLHV LQ WKDW WKH DXWKRUV LQFOXGH DQ HFRQRPLF
HYDOXDWLRQWRILQGWKHPRVWHQYLURQPHQWDOO\DQGHFRQRPLFDOO\VRXQGVROXWLRQ7KLVLVGRQHE\FRQGXFWLQJDWZRSDUW
IHDVLELOLW\VWXG\DQDO\VLQJYDULRXVDOWHUQDWLYHVRIERWKELRJDVDQGELRPHWKDQHSURGXFWLRQIURPRUJDQLF06:DQG
ELRPHWKDQHXWLOL]DWLRQLQWKHXUEDQWUDQVSRUWVHFWRU

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1P\HDU@
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1HHGIRUDGGLWLRQDOLQYHVWPHQWVXEVLGLHV>(85@
6HOHFWLRQRIWKHEHVWDOWHUQDWLYHVFHQDULRIRUELRPHWKDQHXVH
(YDOXDWLRQRIWKHHQYLURQPHQWDOSHUIRUPDQFH*+*
HPLVVLRQVDYLQJV>W&2HT\HDU@
6HOHFWLRQRIWKHEHVWDOWHUQDWLYHIRUELRJDVDQGELRPHWKDQHSURGXFWLRQ
(YDOXDWLRQRIWKHHQYLURQPHQWDOSHUIRUPDQFHRIHDFK
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0HWKRGRORJ\GHYHORSPHQW
$ VWHSE\VWHS PHWKRGRORJ\ ZDV GHYHORSHG LQ RUGHU WR LQYHVWLJDWH WKH SURSRVHG ZDVWHWRELRPHWKDQH :W%
FRQFHSWLQDQXUEDQHQHUJ\V\VWHP7KHPHWKRGRIHQHUJ\DQGPDWHULDOIORZDQDO\VLVZDVXVHG&RPSDUHGWRRWKHU
XUEDQHQHUJ\V\VWHPDVVHVVPHQWPHWKRGVHJ HFRORJLFDOQHWZRUNDQDO\VLV >@DQDO\VLVRIXUEDQDQGVRFLDO
PHWDEROLVP > @PXOWLFDUULHU QHWZRUN DQDO\VLV >@ HWF WKH HQHUJ\ DQGPDWHULDO IORZ DQDO\VLV DOORZV IRU D
UHODWLYHO\VLPSOHDFFRXQWLQJRIHQHUJ\RUPDVVRILQSXWVLQWRWKHXUEDQV\VWHPDQGEDODQFLQJWKHPZLWKWKHHQHUJ\
DQGPDVVRIRXWSXWVSURGXFWVHPLVVLRQVDQGZDVWH
7KHSURSRVHGPHWKRGRORJ\IRUWKHZDVWHWRELRPHWKDQHFRQFHSWDSSOLFDWLRQLVSUHVHQWHGLQ)LJ,WFRQVLVWVRI
WKUHH VWHSV  DVVHVVPHQW RI WKH ZDVWH DV IHHGVWRFN IRU ELRJDV SURGXFWLRQ  DVVHVVPHQW RI WKH ELRJDV DQG
ELRPHWKDQHJHQHUDWLRQWHFKQLFDORSWLRQVDQGHFRQRPLFYLDELOLW\HYDOXDWLRQRIELRPHWKDQHDSSOLFDWLRQURXWHV
3.1. Assessment of the waste feedstock for biogas production 
7KHILUVWVWHSRIWKHDVVHVVPHQWLVWRTXDQWLI\DYDLODEOHELRGHJUDGDEOHPXQLFLSDOVROLGZDVWH%06:DQGRWKHU
RUJDQLFZDVWHDPRXQWVIURPEXVLQHVVHVDQGLQGXVWU\LQWKHVHOHFWHGXUEDQDUHD,PSRUWDQWLQIRUPDWLRQIRUHDFKW\SH
RI IHHGVWRFN LV TXDQWLW\ RI ZDVWH DYDLODELOLW\ GXULQJ WKH \HDU VHDVRQDOLW\ SK\VLFDO FKDUDFWHULVWLFV OHYHO RI
LPSXULWLHVKRPRJHQHLW\FRQVLVWHQF\HWFDQGFKHPLFDOFRPSRVLWLRQZKLFKLVGLUHFWO\UHODWHGWRELRJDV\LHOGDQG
TXDOLW\$VDPLQLPXPWKHLQIRUPDWLRQDERXWGU\PDWWHUFRQWHQWDQGYRODWLOHVROLGVFRQWHQWIRUWKHVSHFLILFW\SHRI
IHHGVWRFNLVQHHGHG)RUELRJDVSURGXFWLRQYDULRXVRUJDQLFPDWHULDOVLQFOXGLQJRUJDQLFZDVWHFDQEHXVHG%06:LV
WKHIUDFWLRQRI06:WKDWFDQXQGHUJRELRORJLFDOGHFRPSRVLWLRQIRRGDQGJDUGHQZDVWHZRRGSDSHUFDUGERDUGDQG
WH[WLOHVZKLOHWKHRUJDQLFIUDFWLRQRI06:FRPSULVHVIRRGDQGJDUGHQZDVWHRQO\,QJHQHUDOZDVWHDQGE\SURGXFW
RXWIORZVRIDQXUEDQV\VWHPWKDWDUHVXLWDEOHIRUDQDHURELFGLJHVWLRQFDQEHFODVVLILHGLQWRWKUHHJURXSV

x 2UJDQLFZDVWHVHSDUDWHGIURP06:JUHHQZDVWHDQGIRRGZDVWH
x 6HSDUDWHO\FROOHFWHGJUHHQZDVWHLQFOXGHVELRGHJUDGDEOHZDVWHWKDWLVFRPSRVHGRIJDUGHQRUSDUNZDVWHDV
ZHOODVGRPHVWLFDQGFRPPHUFLDOIRRGZDVWH
x :DVWHZDWHUWUHDWPHQWVOXGJH

$FFRUGLQJWRWKHSURMHFWWLPHIUDPHZKLFKLVW\SLFDOO\DWOHDVW\HDUVWKHIRUHFDVWRIWKHIHHGVWRFNDYDLODELOLW\
IRUHDFK\HDULVPDGH7KHH[SHFWHGELRJDVSURGXFWLRQSHUXQLWRIWLPHLVFDOFXODWHGXVLQJ(T

iii
n
i
i
biogas YVSDMt
FM
P  ¦    

ZKHUH
3ELRJDV SURGXFHGELRJDVDPRXQW1PSHU\HDUPRQWKGD\KRXUHWF  
L «Q W\SHRIIHHGVWRFNHJRUJDQLFPXQLFLSDOVROLGZDVWHNLWFKHQZDVWHJUHHQZDVWH
)0L IUHVKPDVVRIIHHGVWRFNLWRQV
7 WLPHHJ\HDUPRQWKGD\KRXU
'0L GU\PDWWHUFRQWHQWRIWKHIHHGVWRFNL)0
96L YRODWLOHVROLGVFRQWHQWRIWKHIHHGVWRFNL'0
<L ELRJDV\LHOGRIWKHIHHGVWRFNL1PW96
3.2. Assessment of biogas and biomethane generation technical options 
7KURXJK WKH SURFHVV RI DQDHURELF GLJHVWLRQ $' ZDVWH IORZV DUH FRQYHUWHG LQWR ELRJDV 7KH PRVW FRPPRQ
DQDHURELFGLJHVWLRQWHFKQRORJLHVDUHGHVFULEHGE\>@6HOHFWLRQRI$'WHFKQRORJ\HJGU\RUZHWRQHVWDJHRU
PXOWLSOHVWDJHLVPRVWO\DIIHFWHGE\WKHW\SHDQGSXULW\RIRUJDQLFZDVWHDQGVL]HRIWKH$'SODQWGHSHQGVRQWKH
DPRXQWRIZDVWHWREHWUHDWHG
8   Ilze Dzene et al. /  Energy Procedia  95 ( 2016 )  3 – 10 
'U\IHUPHQWDWLRQKDVDOPRVWDOZD\VEHHQSUHGRPLQDQWLQPXQLFLSDOZDVWHWUHDWPHQWDQGDFFRXQWVIRUDERXW
>@,QWKHGU\IHUPHQWDWLRQ06:DUHFROOHFWHGXQVRUWHGDQGWUDQVSRUWHGWRWKHPHFKDQLFDOWUHDWPHQWIDFLOLW\
DWWKHODQGILOO6HSDUDWHGRUJDQLFIUDFWLRQRI06:LVPL[HGWRJHWKHUZLWKJUHHQZDVWHDQGZDVWHZDWHUWUHDWPHQW
VOXGJH ,Q FDVHRIZHW IHUPHQWDWLRQ VRXUFH VHSDUDWHGRUJDQLF06: LVGHOLYHUHG WR WKHELRJDVSODQW7KHZHW
IHUPHQWDWLRQ WHFKQRORJ\ HQVXUHV D KLJKHU ELRJDV RXWFRPH +RZHYHU WKH PDLQ UHDVRQ IRU SUHIHUULQJ GU\
IHUPHQWDWLRQ LV XVXDOO\ ORZHU LQYHVWPHQW FRVWV FRPSDUHG WR ZHW $' V\VWHPV DQG OHVV HIIRUW QHHGHG IRU WKH
SUHWUHDWPHQWRIZDVWH
%LRJDVSURGXFHGIURPXUEDQZDVWHFRQWDLQV±PHWKDQHDQGWKHUHVWPDLQO\FRQVLVWLQJRIFDUERQGLR[LGH
&2 7R EH DEOH WR XVH ELRJDV DV YHKLFOH IXHO LW QHHGV WR EH XSJUDGHG E\ UHPRYLQJ &2 DQG FRQVHTXHQWO\
LQFUHDVLQJWKHPHWKDQHFRQWHQW8SJUDGHGELRJDVRUELRPHWKDQHLVDJDVHRXVIXHOFRQVLVWLQJRI!PHWKDQHRI
ELRORJLFDORULJLQ>@7HFKQLTXHVIRUWUDQVIRUPDWLRQRIELRJDVWRELRPHWKDQHDUHUHYLHZHGH[WHQVLYHO\E\>@
7KHHQYLURQPHQWDOSHUIRUPDQFHRIHDFKDOWHUQDWLYH LVHYDOXDWHGEDVHGRQ WKHJUHHQKRXVHJDV *+*HPLVVLRQ
VDYLQJV*+* HPLVVLRQ VDYLQJV DUH FDOFXODWHG IURP WKH VXEVWLWXWLRQ RI FRQYHQWLRQDO QRQUHQHZDEOH IXHOV DQG LI
SRVVLEOHDOVRE\DFFRXQWLQJWKH*+*HPLVVLRQVDYLQJVRIWKHZKROHOLIHF\FOHRIWKHV\VWHPXQGHUFRQVLGHUDWLRQ
3.3. Biomethane application 
%LRPHWKDQH DV D IXHO LV IXOO\ FRPSDWLEOH ZLWK WKH H[LVWLQJ FRPSUHVVHG QDWXUDO JDV &1* YHKLFOHV 2YHU
&1*YHKLFOHVRSHUDWHLQ(XURSH>@LQFOXGLQJERWKKHDY\DQGOLJKWGXW\YHKLFOHV0DQ\(XURSHDQFLWLHV
KDYHH[SHULHQFHXVLQJELRPHWKDQHLQORFDOIOHHWVHJ/LQN|SLQJ8SSVDODDQG.ULVWLDQVWDGLQ6ZHGHQDQG/LOOHLQ
)UDQFHZKHUHWKHPDMRUSDUWRIWKHXUEDQSXEOLFWUDQVSRUWRSHUDWHVRQELRPHWKDQH6HOHFWLRQRIELRPHWKDQHXWLOL]DWLRQ
DOWHUQDWLYHVGHSHQGVRQWKHORFDWLRQRIWKHELRJDVXSJUDGLQJSODQWRQWKHDPRXQWRISURGXFHGELRPHWKDQHDQGRQWKH
JHQHUDOIUDPHZRUNFRQGLWLRQVERWKOHJDODQGHFRQRPLFIRUELRPHWKDQHXVH
,QWKHWKLUGVWHSRIWKHDQDO\VLVSUHYLRXVO\VHOHFWHGELRJDVDQGELRPHWKDQHSURGXFWLRQDOWHUQDWLYHVDUHXVHGWRVHW
WKHH[SHFWHGELRPHWKDQHDPRXQWWKDWZLOOEHDYDLODEOHIRUIXUWKHUXVH7KHDPRXQWRIELRPHWKDQHGHSHQGVRQWKH
ELRJDVXSJUDGLQJVROXWLRQWKDWZLOOEHXVHG:KHQWKHELRPHWKDQHRXWFRPHSHUXQLWRI WLPHLVNQRZQDOWHUQDWLYH
VFHQDULRVIRUELRPHWKDQHXVHDUHGHILQHG%LRPHWKDQHJHQHUDOO\FDQEHXVHGLQSXEOLFWUDQVSRUWIOHHWVFRPPHUFLDO
WUDQVSRUWHJFRPSDQ\IOHHWRUFDQEHGLVWULEXWHGWRSULYDWHXVHUVYLDSXEOLFILOOLQJVWDWLRQV7KHPDLQGULYHURI
ELRPHWKDQHSHQHWUDWLRQLQWKHIXHOPDUNHWLVIXHOFRVWHFRQRP\FRPSDUHGWRIRVVLOIXHOV
6LPLODU WR WKHSUHYLRXV VWHS WKH VHOHFWLRQRI WKHEHVW DOWHUQDWLYH LVEDVHGRQ WKH FRPSDULVRQRI HFRQRPLF DQG
HQYLURQPHQWDOSHUIRUPDQFHV)RUHFRQRPLFDVVHVVPHQWDFDVKIORZDQDO\VLVLVXVHGLQWKLVVWDJHDVZHOO7KHDQDO\VLV
FRQVLGHUV FDSLWDO FRVWV IRU FRPSUHVVLRQ WUDQVSRUWDWLRQ DQG RWKHU UHODWHG LQIUDVWUXFWXUH RI WKH ELRPHWKDQH XVH
RSHUDWLRQDQGPDLQWHQDQFHFRVWVH[SHFWHGUHYHQXHVIURPWKHVDOHVRIELRPHWKDQHRUDYRLGHGFRVWVEHFDXVHRIUHGXFLQJ
FRQVXPSWLRQRIH[WHUQDOO\SXUFKDVHGIRVVLOIXHO
5HVXOWV
7KHGHVFULEHGPHWKRGRORJ\ZDVDSSUREDWHGRQDFDVHVWXG\RI9DOPLHUDFLW\LQ/DWYLD$VXPPDU\RIWKHUHVXOWV
LVJLYHQLQWKLVVHFWLRQZKLOVWGHWDLOHGUHVXOWVFDQEHIRXQGLQ>@$URXQG±WKRXVDQG1PRIELRPHWKDQH
FDQEHSURGXFHGDQQXDOO\IURP06:JHQHUDWHGLQWKHWDUJHWUHJLRQ7KHIHDVLELOLW\RIWKHELRPHWKDQHSURGXFWLRQZDV
IRXQGWREHPXFKLQIOXHQFHGE\WKHFKRVHQ$'WHFKQRORJ\,QFDVHRIWKHZHWIHUPHQWDWLRQWHFKQRORJ\DQGIROORZLQJ
ELRJDVXSJUDGLQJWKHPLQLPXPQHFHVVDU\SURGXFWLRQSULFHRIWKHELRPHWKDQHZDVIRXQGWREHWZLFHDVKLJKDVLQFDVH
RIWKHGU\IHUPHQWDWLRQVFHQDULR
7KUHH DOWHUQDWLYHV IRU ELRJDVELRPHWKDQH XWLOL]DWLRQ LQ 9DOPLHUD ZHUH VXJJHVWHG &+3 ELRPHWKDQH XVH LQ
WUDQVSRUWDQGJULGLQMHFWLRQ2IDOOWKHELRPHWKDQHXWLOL]DWLRQDOWHUQDWLYHVELRPHWKDQHXVHLQWUDQVSRUWSURYLGHVWKH
JUHDWHVW HPLVVLRQ VDYLQJV ± W&2DQQXDOO\ )XUWKHU HFRQRPLF DQDO\VLV RI WKH SRWHQWLDO ELRPHWKDQH
WUDQVSRUWDSSOLFDWLRQVZDVWHFROOHFWLRQWUXFNVVHUYLQJWKHFLW\DQGSXEOLFWUDQVSRUWEXVHVVHUYLQJXUEDQOLQHVVKRZHG
DKLJKGHSHQGHQFHRQELRPHWKDQHSULFHYDULDWLRQ$FRQYHUVLRQSURMHFWRIXUEDQEXVHVRUZDVWHFROOHFWLRQWUXFNV
IURPFXUUHQWO\XVHGGLHVHOIXHOWRELRPHWKDQHKDVD±,55LIWKHSULFHRIWKHELRPHWKDQHLVDVORZDV
(851P GU\ IHUPHQWDWLRQ VFHQDULR 0HDQZKLOH LQ WKH ZHW IHUPHQWDWLRQ VFHQDULR ELRPHWKDQH SULFH 
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(851P,55LVQHJDWLYH,55FDQEHLQFUHDVHGE\HLWKHUSURYLGLQJH[WHUQDOIXQGLQJIRUSURMHFWLPSOHPHQWDWLRQ
HJVXEVLGLHVWRFRYHUSULFHSUHPLXPRULQFUHDVLQJWKHYHKLFOHIOHHW
7KHUHVXOWVKLJKOLJKWVHYHUDOLPSRUWDQWIDFWRUVRIZDVWHWRELRPHWKDQHFRQFHSWDSSOLFDWLRQLQFLWLHV2QHRIVXFKLV
WKHDYDLODELOLW\DQGTXDOLW\RIIHHGVWRFNIRUELRJDVSURGXFWLRQ6RXUFHVHSDUDWHGRUJDQLF06:LQFUHDVHWKHDPRXQW
RIELRJDVELRPHWKDQHRXWSXWKRZHYHUIHDVLELOLW\RIELRPHWKDQHWUDQVSRUWDSSOLFDWLRQVLVPXFKDIIHFWHGE\WKHKLJKHU
SULFH RI WKH ELRPHWKDQH 7KH HFRQRPLFV RI YHKLFOH FRQYHUVLRQ SURMHFWV LQFUHDVHZLWK ODUJHU QXPEHUV RI SODQQHG
ELRPHWKDQHYHKLFOHV+RZHYHUWKHDPRXQWRIDYDLODEOHELRPHWKDQHWKDWFDQEHSURGXFHGIURP06:JHQHUDWHGLQD
W\SLFDOPLGVL]HGFLW\LQ/DWYLDLVDOLPLWLQJIDFWRU
&RQFOXVLRQ
7KLV SDSHU GHVFULEHV D PHWKRGRORJLFDO DSSURDFK RI ZDVWHWRELRPHWKDQH FRQFHSW DSSOLFDWLRQ LQ FLWLHV ZLWK
SDUWLFXODUHPSKDVLVRQELRPHWKDQHWUDQVSRUWDSSOLFDWLRQV$OWKRXJKWKHXVHRIELRPHWKDQHLQWUDQVSRUWLVQRWDQRYHOW\
RYHUDOOWKHUHDUHPDQ\FRXQWULHVZLWKQRH[SHULHQFHLQELRPHWKDQHSURGXFWLRQDQGXVH0RUHRYHULQPDQ\ (XURSHDQ
FRXQWULHVODQGILOOLQJLVVWLOOWKHPDMRUXUEDQZDVWHPDQDJHPHQWVWUDWHJ\7KHZDVWHWRELRPHWKDQHFRQFHSWWKXVKDV
ZLGHDSSOLFDWLRQSRVVLELOLWLHVDQGKDVSRWHQWLDOIRUWXUQLQJWRDFLUFXODUHFRQRP\DQGJHQHUDWLQJHQYLURQPHQWDOVRFLDO
DQGHFRQRPLFEHQHILWV7KHPHWKRGRORJ\GHVFULEHGLQWKHSDSHUFDQEHDSSOLHGDVDILUVWVWHSHYDOXDWLRQWRXQGHUVWDQG
WKHWHFKQRHFRQRPLFYLDELOLW\RIV\VWHPLPSOHPHQWDWLRQ
$FNQRZOHGJHPHQWV
7KLVZRUNZDVVXSSRUWHGE\WKH1RUGLF(QHUJ\5HVHDUFKµ7HFKQRORJ\2SSRUWXQLWLHVLQ1RUGLF(QHUJ\6\VWHP
7UDQVLWLRQV¶ 7231(67 SURMHFW DQG LV XVLQJ UHVXOWV RI WKH VWXG\ SHUIRUPHG LQ WKH 8UEDQ%LRJDV SURMHFW 7KH
8UEDQ%LRJDVSURMHFW&RQWUDFW1R,((LVIXQGHGE\WKH(XURSHDQ&RPPLVVLRQXQGHUWKH,QWHOOLJHQW(QHUJ\
(XURSHSURJUDP
5HIHUHQFHV
>@ 7DQ67/HH&7+DVKLP++R:6/LP-62SWLPDOSURFHVVQHWZRUNIRUPXQLFLSDOVROLGZDVWHPDQDJHPHQWLQ,VNDQGDU0DOD\VLD-RXUQDO
RI&OHDQHU3URGXFWLRQ± 
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